Abstract: Micromachined sensors to detect surface stress changes associated with interactions between an immobilized chemically selective receptor and a target analyte are presented. The top isolated sensing surface of a free-standing silicon plate is prepared with a thin Au layer, followed by covalent attachment of chemical or biomolecule forming a chemically-selective surface. Surface stress changes in air are measured capacitively due to the formation of an alkanethiol self-assembled monolayer (SAM). Detection of biomolecular binding in liquid samples is measured optically using the streptavidin-biotin complex and a M. tuberculosis antigen-antibody system used for clinical tuberculosis (TB) diagnosis.
INTRODUCTION
Advances in MEMS have facilitated the -t >>development of novel transducers for biochemical ; sensing that rely heavily on mechanical energy D [1] .
These types of sensors, including resonant and static platforms such as quartz crystal microbalances and microcantilever beams enable label-free assays that are faster, cheaper and less B t cumbersome than conventional labeled methods [2] . The Although, the nucleation layer covers the entire plate surface in this article, surface stress induced deflections can be increased by partially covering the plate surface, therefore, the bending moment due to the edge of the nucleation layer adds to the total bending moment of the plate.
MICROFABRICATION
The silicon plates were fabricated using conventional surface micromachining processes with silicon-on-insulator (SOI) substrates and deep reactive ion etching (DRIE). Capacitive sensors were fabricated using seven lithography steps. Fig. 2(a) highlights the essential aspects of the microfabrication process. A 1 [pm-thick oxide (LTO1) etch mask film is deposited on the SOI substrates in a low-pressure chemical vapor deposition (LPCVD) system, followed by lithographical patterning and reactive-ion-etching (RIE) to define the sense plate. A 1.0 Ftm thick low-stress LPCVD nitride anchor layer is deposited, patterned, and RIE, thus defining the upper electrode anchor layer, shown in Fig. 2(a,ii) . The remaining LTO1 mask layer is removed in a dilute hydrofluoric acid (HF) solution. A 3 rimthick LPCVD oxide layer (LT02) is deposited defining the separation gap. The LT02 layer is then patterned and etched as shown in Fig. 2(a,iii) .
The 4 [pm-thick LPCVD low-stress polysilicon layer is next deposited, patterned and etched (RIE) thus opening the release holes and defining the upper polysilicon plate structure. Electrical contacts are formed by metallization (30 nm Cr/500 nm Au) and liftoff, shown in Fig. 2(a,iv) . Next, the handle layer is patterned and etched using DRIE, shown in Fig. 2(a,v) . Next, the handle layer is patterned and etched using DRIE, shown in Fig. 2(a,v) . The remaining oxide layers are then removed in a 3:1 HF:H20 solution, shown Fig. 2(a,vi) . Sensor structures for optical detection were also fabricated from SOI substrates using two lithography steps to define and release the sensing plate, shown in Figs. 2(a,i) and 2(a,v) . Studies of biomolecular interactions in liquid samples are facilitated by fabricating a 3-D silicon -PDMS (polydimethylsiloxane) hybrid structure using simple replica molding and bonding processes [7] . The PDMS structure is made from a master mold from a silicon substrate. A Fig. 4(b) . Sense and reference capacitors are driven by a modulation signal, and the differential capacitance is converted to a voltage with a charge-integrating amplifier. Prior to testing, the sensor baseline is first established for 60 s before exposing the sensing surface to the test vapor. The Au coated sensing surface is then exposed to the alkanethiol vapor from a large sealed reservoir of liquidz1.3 mL for a time of 300 s. Fig. 4(b) smaller than values previously reported by our group using optical interferometry [3] , but similar to other reports [8] .
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